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Consider  the  eeae  of  e network  as  in  Fig.  1,  having  input  consisting 
of  a coherent  signal  power  S^n  plus  a noise  power  N^n 


FIG.  1— ' Notation  for  noisy  network. 

The  network  is  defined  by  a noise  figure  ratio  F and  a power  gain  ratio 
G . G nay  be  > 1 (net  gain)  or  < 1 (net  attenuation). 

The  input  noise  N^n  consists  of  two  components 


Bare  T ■ kT*Af  is  the  Johnson  noise  level  and  AN  is  the  "excess" 
noise  above  Johnson  noise. 

After  going  through  the  network  of  Fig.  1 the  output  noise  is 


"out  - 


That  is,  the  Johnson  noise  component  is  multiplied  by  FG  , while  the  excess 


noise  is  just  multiplied  by  G 


Consider  a tandem  array  of  networks  as  In  Fig.  2. 
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FIG • 2-- Notation  for  chain  of  networks. 


Ve  then  have  Eqs.  (3)  to  (5). 
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Combining  (3),  (k),  and  (5)  gives  Eqs.  (6)  and  (7), 
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Along  th«  chain  of  networks,  then,  the  signal  to  noise  ratio  at  n ■ b 
compared  to  that  at  n ■ a la  given  by 


I 
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applications,  tha  output  of  the  chain  In  Fig.  (1)  would.  In  affect,  be 
connected  directly  back  to  the  Input.  We  then  Inquire  how  many  circulations 
an  Injected  signal  can  make  around  this  closed  loop,  for  a given  degrada- 
tion In  the  signal -to-nolse  ratio,  with  the  gain  adjusted  for  a stable  loop 
(no  self-osclllatlon) . In  this  case  G la  limited  In  value  to  the  neighbor 
hood  of  unity  and  less.  Thus  put  G ■ 1 + € , which  gives  for  p , as 


Let  us  evaluate  the  S/R  ratio  after  n sections.  We  have  from  Eq 


where  f(F)  > 1 and  approaches  1 as  F becomes  large.  Thus  putting 
f(F)  «*  1 underestimates  the  S/tt  ratio,  so  that 
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For  example.  If  F ■ 10  (typical  10  dB  noise  figure),  and  If  n ■ u£  , then 


~ m 104  . In  this  case  the  S^i  ratio  Is  degraded  by  less  than  1(0  dB  In 


going  through  1000  networks  each  having  noise  figure  of  10  dB  . 
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